Iodine concentration and 129 I/I ratios were determined in interstitial fluid collected from the Nankai Trough accretionary prism during Integrated Ocean Drilling Program (IODP) Expeditions 315 and 316. Iodine concentrations increase rapidly in the uppermost 100 m below the seafloor, before concentrations reach stable values between 200 and 400 µM, reflecting the advection of iodine released during the degradation of organic matter in deep sediments. The 129 I/I ratios in the interstitial fluid start just below preanthropogenic seawater values and decrease rapidly with depth to ratios ~400 × 10 -15 . These ratios result in ages for the potential iodine source formation between 30 and 40 Ma, which are clearly older than the host sediments and demonstrate that advection of fluids is responsible for the observed distribution of iodine at these sites. Significant increases in 129
Introduction
Integrated Ocean Drilling Program (IODP) Expeditions 315 and 316 were carried out in 2007 and 2008 by the D/V Chikyu as part of the multistage Nankai Trough Seismogenic Zone Experiment (NanTroSEIZE) complex drilling project. During these expeditions, Kumano forearc basin sediment was cored to the upper accretionary prism as well as into the accretionary prism itself, including a fractured/brecciated zone associated with subduction processes in the Nankai Trough, Japan. Interstitial fluid collected from these sediments preserve a complex history of fluid-rock interaction and migration through the aquifer and the entire sediment body. Application of the iodine radioisotope ( 129 I) system has been useful to extract geochronological signatures from interstitial fluid geochemistry (Fehn et al., 2000) . In this research, we focus on iodine concentrations and 129 I/I ratios in the interstitial fluid regime, covering the lithologic boundary between different sedimentary systems.
Geological settings
During Expedition 315, the upper accretionary prism was cored at two sites: IODP Site C0001 at the seaward edge of the Kumano Basin uplift (outer arc high) and IODP Site C0002 at the southern margin of the basin. Holocene to late Pliocene silty clay to clayey silt is unconformably underlain by the late Miocene upper accretionary prism composed mainly of mudstone and bounded by a thick sand layer at 207 m core depth below seafloor (CSF) at Site C0001 (Ashi et al., 2008; Kinoshita et al., 2008 ). An unconformity between the forearc basin and accretionary prism is identified by the lithology change from basal Pliocene mudstone above to late Miocene interbeds of mudstone and sandstone below at 922 m CSF at Site C0002 (Ashi et al., 2008) . During Expedition 316, the seaward edge of the Kumano Basin uplift where the megasplay fault is branching from the plate interface between the subducting Philippine Sea plate and overlying Eurasian plate was cored at IODP Site C0004. A 6 cm thick microbreccia, indicating concentrated shear within the megasplay fault zone, was found in the middle Pliocene hemipelagic section at 291 m CSF. IODP Site C0008 is located ~1 km seaward of Site C0004, providing a reference site for the sediments underthrusting beneath the megasplay fault (Kimura et al., 2008) .
Iodine geochronology in marine environments
Iodine concentrations in marine interstitial fluid from continental margins have been reported to rapidly increase with depth (Martin et al., 1993; Fehn et al., 1992; Tomaru et al., 2007b Tomaru et al., , 2009 ). This increase is ascribed to the strongest association of iodine with organic matter; sedimentation and subsequent degradation of iodine-rich organic matter at depth liberates iodine into the interstitial fluid, resulting in iodine concentrations considerably higher than typical seawater levels of 0.4 µM (Broecker and Peng, 1982; Burton, 1996; Muramatsu and Wedepohl, 1998) .
The presence of the long-lived cosmogenic radioisotope 129 I (T 1/2 = 15.7 m.y.) has been used to date the time of separation of organic matter from the marine system (Fabryka-Martin et al., 1987; Fehn et al., 2000) . The initial ratio for dating of iodine in the marine environment has been determined to be (1500 ± 150) × 10 -15 , which results in a dating range of ~80 m.y. for the 129 I isotopic system . The 129 I/I ratio of interstitial fluid is sometimes modified by the input of fissiogenic 129 I, which is produced by the spontaneous fission of 238 U and released into interstitial fluid during migration through the sediment column. In the case here, however, fissiogenic input is negligible because of relatively low U concentration of 0.99 ppm in the subducting sediments in the Nankai Trough and high interstitial fluid iodine concentration (FabrykaMartin et al., 1989; Plank and Langmuir, 1998; Tomaru et al., 2007a) . Standard decay of 129 I thus provides the elapsed time since the organic matter enriched in iodine has been isolated from seawater as 
where R obs = observed 129 I/I ratio, R i = initial seawater 129 I/I ratio of 1500 × 10 -15 , λ 129 = decay constant of 129 I (4.41 × 10 -8 y -1 ), and t = years since iodine deposition.
Although fissiogenic 129 I or anthropogenic 129 I are unlikely to have contributed to interstitial fluid in locations like those studied here (e.g., Fehn et al., 2000; Tomaru et al., 2007a) , contribution from either source would have raised the ratio. The values calculated for the samples here are therefore minimum ages.
Analytical methods
A 20-50 cm long whole-round core was sectioned soon after core recovery and scraped in a nitrogenfilled glove bag to avoid surface sediments that could have been contaminated with seawater, drilling fluid, oxidation, and/or smearing in the borehole. The core section was then squeezed with a shipboard hydraulic press to extract interstitial fluid through 0.45 µm filters. A sample aliquot was diluted with 5% tetramethyl ammonium hydroxide (TMAH) solution for the determination of total dissolved iodine concentration and measured by inductively coupled plasma-mass spectrometer (ICP-MS), HP4500 (Hewlett Packard/Agilent), at the University of Tokyo, with a standard deviation better than 2.7%. All concentrations are listed in Table T1 together with depth.
For the measurement of 129 I/I ratio, silver iodide (AgI) was precipitated from the interstitial fluid samples by extracting iodine reduced from iodate with sodium bisulfite into chloroform (Fehn et al., 1992; Lu et al., 2010) . Because >0.1 mg of AgI is required for reliable 129 I/I analyses (Lu et al., 2007) , we combined 3-7 neighboring samples from Sites C0001 and C0002. These targets were analyzed for 129 I/I ra-
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Proc. IODP | Volume 314/315/316tios at PRIME Lab, Purdue University . The weighted average depth and iodine concentration of 129 I/I samples are calculated from iodine concentrations and volume of sample aliquots combined for AgI precipitation (Table T2) . Error margins for depth in the 129 I/I profile therefore reflect the interval between the shallowest and deepest aliquots.
Results
Iodine concentrations dissolved in interstitial fluid generally increase rapidly in the uppermost 100 m CSF and thereafter reach relatively constant values at 200 µM at all sites (Fig. F1) . The most pronounced increase is observed at Site C0002, where iodine concentrations reach values >400 µM but decrease to values comparable to the other sites at greater depths. Consistent with earlier results from the Nankai Trough area, interstitial fluid iodine concentrations here are exceedingly higher than that of seawater (0.4 µM), which has been interpreted as evidence for the input of deep fluids receiving iodine from degradation of marine organic matter (You et al., 1993; Fehn et al., 2003; Muramatsu et al., 2007; Tomaru et al., 2007a) . Linear iodine profiles starting at ~200 m CSF at Site C0001, above 477 m CSF at Site C0002, ~150 m CSF at Site C0004, and ~100 m CSF at Site C0008 indicate that iodine from organic matter decomposed in deeper sediments dominates in these intervals and mixes with iodine from seawater in the shallower sections. There is probably only minor iodine input from host sediments because iodine concentrations in sediment and interstitial fluid do not show apparent covariation within this depth window in the Nankai Trough .
The interstitial fluid
129 I/I ratios at Site C0001 gradually decrease downhole from 938 × 10 -15 at 41 m CSF to ~400 × 10 -15 at ~200 m CSF, providing minimum iodine ages from 10.6 to ~30 Ma (Equation 1) , where the lithologic boundary between the old accretionary prism and overlying younger forearc basin sediment is located (Fig. F2) . This gradient represents mixing of iodine between deep fluids ( 129 I/I = 400 × 10 -15 ) and young iodine mainly from seawater ( 129 I/I = 1500 × 10 -15 ) because iodine concentrations in this interval are modulated by seawater input (Fig. F1) . On the other hand, iodine ages at adjoining Site C0002 are relatively constant at ~30 Ma throughout the sediment column (Fig. F2) , deep old iodine is dominant even in the interval just below the seafloor with relatively low iodine concentrations.
The results suggest that iodine in interstitial fluid is significantly older than the host sediment because young iodine inputs that potentially increase 129 I/I ratios (decrease iodine age) are minor according to the depth profile of iodine concentrations. Significant inputs of young iodine probably from seawater are observed only in the shallow section at Site C0001. A similar co-existence of iodine with organic matter was observed in fluid from Ocean Drilling Program Leg 131 in the toe of the Nankai Trough accretionary prism, ~190 km southwest of these sites, pointing to fluid advection along the décollement zone from organic matter-rich sediments further in the accretionary prism (You et al., 1993) . This observation agrees well with the occurrence of fluids much older than the host sediments at Sites C0001 and C0002.
Concerning
129 I/I variation, the old iodine flux from old accreted sediments reaches the overlying young basin sediments at Site C0002; however, old iodine dominates only in the old accretionary prism and younger iodine plays a more important role in the younger basin sediments at Site C0001. This difference probably reflects changes of fluid modes between locations, which correlates well with changes in sediment porosity, a fundamental geophysical factor controlling fluid transport (Screaton et al., 2002; Ashi et al., 2008; Kinoshita et al., 2008) . A discontinuous porosity change is found at the lithologic boundary only at Site C0001, where porosity changes from ~50% above the boundary to ~60% below (Fig. F2) . Because the upward fluid transport can be interrupted by the porosity drop of ~10%, fluids are more likely at this location to escape along the boundary rather than cross it. As shown in the porosity distribution, more compacted and deeper sediments at Site C0002 probably form a more uniform lithologic boundary for fluid migration than at Site C0001.
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